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359-1365, 1 9 9 1 ^9j^" (J^AT. ^ZTiSc 4 IHi') ^{c:#L<ai-< 

5 ibKrv^So 

^'L^iSl-&'i5:c7:)i)ilM{CoV^Ttt. ^iic "IEEE Transactions on Sonics 
and Ultrasonics, Vol. SU-29, No. 6, pp. 299-310, November 1 
15 982" (JiiT. Xm^t^m-^) q3{^s-^L< ii-<£btbTV^S, 

J: 0 ±.m^~-/fy V 8 tm%^ti^ 9;i^*?g^§^ 1 0 1 

mx-mw^nt'^^. ig]4 4 {c^-t J; 9 {-^ ±lSf^7:^^^ 9 <z)q3,Lx{.tfi 
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o it. 

20 iti^5c-r^o ::<7:)fcfe. i±m^jii2 (t^;?^^-, mm^m5(Dm-^^s jEEmfls 
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10 i-^o 

15 ±.'simmf£tm^o)y<^~iymi^^. jc.m^^^^^i.oiiLm'.z.x^x^ 

^x^x.rzL:L t^wmt-r^, 
20 xm:trc:Lt^nm.t-t^o 

m^±s^'>^^'^±coi^mi^^^x^x.t:L:i t^(^mt-t^o 

(/^a {i idJ: o -c X. ^ #m -r 2) „ 
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10 ±.mmmj±.-mm^n. ±ti^m^mm'>^fjv 'yj^utm (g a a s) ^ 
j::3-aj±mj^!)cS{c^^ ^-j^fp^ (pbT iOg) ^m^\ ±MTmm. 
mBLn±t'i±^mm(^'p^£< ti,\^^'rM^c^± (pt) ^^irt/i^g 

±.mmmm-mm^n. ±ti^mt^'&m^^yv ='>' (s i) ^m^\ ± 
15 EEEmtetc^^ ^^ifc' (pbTiOj) ±^Tmm.m&xi± 

±tiMB:!±M,M-Tn. ±mJ±MMmz.P ZT (PbTiOs-PbZ 
20 (Pt) L/c^»^*:^fflV^/cr t ^#mt-r-5o 

i.tmrnmrnm^n. ±mj±mmm\z.mitm^ (z no) ^fflv^fci: 
±.tmm&m.m^n. ±BBmmm^mtT^\^^=^^j^ (a i n) ^ 
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10 

(b) ±teT±t!imiii±(^. j±mmm^m}sk-r^xrA. 

(c) ±rdi3Em^ri±i^> ±i?i3is^^/i^/i)c-r5xa. 

^ m *i ^ N° ^ - > fl? ^ ig X. § X a o 

J- ^2^-," ^-^jr^tfC^r-agx.S xm « . X ^571® ^ ±E /N ± 
15 <7)-fiEt'cfcoTggx.5X|g^{i»^fe;ii:^#mt'r5o 

±m±% -mm ^ m^-r s xa « . x ts ± is^i $r fc?f^^ l . 
xtfixg-i5m@^ji5^-r5xs«. xEx§pmi^i:^">'7=v > 

o 

xtexgum^^^Ji^^-rsxsfi. ^ibic, xiex^jmiBEtxtfijKvv^^" 
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15 men. ^^m'dw:^^x.f:Lm'^<nmm!±'mm^(DmMm±nm'^^ 

mim. ^<D?^m(Dmm(Dmm4(Dmmf±m,m'7-^7r^i-mxh^o 
25 ^m^^-rmxh^o 
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m 2 1 tt. M'zo idTT^ L-/i-^)iiflEm^^^(75rrani2]-cfoao 

o 

HI 2 6 tt, n! 2 5 (c^T^ Lfzmmi±.mm'f-(D^:kmxh^o 

20 o 

Hi 3 0 {i. Hi 2 9 {C.i^ L/c^)I^j±mm^<7)tWffil2I-efc5o 

o 

1213 3 tt, 1213 2{:i7jkLfzmmj^m.^^(Dmmm'ch^. 
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ID 3 6 tt, [13 4, HI 3 5 \^^sLfzt^^(D^(Dm(DMmj±.m.mT-(Dm 

113 7tt. 1113 4, m3 ^{zfikLtc'i}^m(DZ(7)m(Dmmj^mm^<7)m 

1113 8 tt, m^o):i^mo^mmmm,m'T-^^^-rmx^h^o 

10 i:i^ig<i-coiijif;^^j^-^rii]i?&5„ 

111 4 0 tt. n 3 8 {:i7r^L-/t'^^(7y:ioymomimmMm^(Dmmmm 

[114 itt. tii^^l5(75::icoli(/;^W)l^JdEm^^<7^ii-/SifcflM?:fe&/i^rilIT 

So 

15 114 2 tt, tl£^(7;:i'75ii(7;?f)iiiE^^^60jigigifcbag-^^ 

114 3tt, IE'l;?^)!ll/55cll^i^Ef'*5ttS :^^->^'-;/ h i: 3i/N(7^i2g#ij ^ 
114 4 '5'^^^±■T:■<Z)EEm?^)I^<7)j?:;^(7;)5^^:mFlJ^^-rl21"^-ifoSo 

20 

11 1 fi. r (D,^m^ 5 ?i)lij!±m*'^<7:) 1 ^Jic7??f^fi^^j^i-lllT:-$. 5 

o 

25 lll2tt. Hi ic:7nb/t^)l^ffim^T-<7^te:;^:ll, 113 tt. 12120B-B 
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m.m (GaAs) ^^#f$:s«. 1 5 (iTiinm^i. 1 6 i^rm-mm 1 5 1 
5 mm.i^L'^^^i^'f ^ i^i^'y<^y H\ 1 Tfi^^v^a (PbT i 03) 

h^fcBLMMm. 1 8 a , 1 8 b 19 a, 19b{-±^ltajL 

'&m. 2 0a, 20b it±umm 1 8 a , 18b iz^th^^nmm^t^f^ 

111 2 L /cv^$)lll±Vtl?-^ 1 2 tt. t>i:owAyjiA'J-h;^f(5?S^jS i 8 a t 
10 r> ,1^ 0(7)(±1 jRi)_h*(5ii|iE 1 8 b t h ^,f: 6 ^ ^( /^^ Tfo 5,, :: CO 7 ^ yl^ 

/r^;f^;fj|ni(7^itMir. A^#J±^miii i 8 a ir ai;^ffi±gl5rM i 8 hmco 

^^^IJlLTV^So ±^-piIli 1 8 a, 18 bC^ft^/i^L e. ili,'!^ 

15 ;6sw e , A;':;jlliJ±^'Sffi i 8 a <}r liitim\±.un,m i 8 b coTHlH^i^^ L g -C 

hK) . 31 1 f±i LMI^ 19a, 1 9 b (7:)ft $ L a , ijiM^^ W a -C- 

foSo [13 t-i.l^-rJ: 5 3lttUL€Si9a, I9b{::{i 

^T7"y v=^fflV^-CV^-5o ::i^^<7)#^5^N°^— ^-rt-'i^L e , We, L 
g, La, Watt, ffim?^)!^ 1 7(D)?:^h .Jr^d, ±fa^fl^i3HS^^ 1 

ii^, coaco^fliffi®^^ 1 2 5:^^-1-S^^. Hi (dTF-r J; 9 

. 1 1 1 ±\Z.^WC0M1^!±M^1^ 1 2 a ~ 1 2 c ^IB^IJ-f 5 

25 1 2 a ~ 1 2 c ^ia?IJi-5/cfe, I ^^(^ ^ l i ^m^-f ^ 
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18 a. 18 h'maym^x^n. ?^;t^^:^/^y ^^^<i^](/^<5o ck^j^^^ 

fti::i±taffi?lJi?)Iii 7^;=</N°->^-t-S [21 4 4 izi/i^ Lfc J: 9 i::^ 

^(Z)fcfc. 1 +jC<73^':ii/> 1 1 IdlWIC^^fP^N"^ — >-^?!feL e , We , L 
g, La, Wa C0/N^-^^-eia^lJ-r5 t . -B^iJx.ii\ fi7^/^ 1 1 
20 itajim^Iil 7;5iWV^iJi-^iCtt, ^:ii/M 1 ^'r^r^-riiiie^lIBE® 

^^1 2 a t^jSliSfc;iSf£< 4 19 ^ >>:ii/Ni 1 jf^gp-trtt-hEEEm^lil 1 7 

^*§15(7)^ME«^T-l 2 a f^n^/M 1 4|S§P(7)^jl^|Em*-7- 1 2 b 
25 ^^XN^">^^feL e , We, Lg, La, W a C7^ 5 ■^'7)^>4X i: 
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:y7y -y h 1 3 {:immfj:Jj\iil(7^'>^y^ l 1 ti^Uff^MBB-Mm^ l 2 c t 
t^^^^-^ — y^i^l^ e , We, Lg, La, W a 0^ o ibO^^l^ts: < t h 

III 4 ~i§i 6 rt. iiijiiSi;i#t*.o'^fhm(cov^Tmp;^'r5/iy)</?iiii:'fo5„ 

II 4 12] 2 }:l.f^ L /c?^MI±'li^-i^ l 2 c7)^{i[pliig$r77^i-„ 

10 121 5 (1. 121 2 iiij-j^ L fzmm]s.mm^ 1 2 (7:)±A;^^iiij^-i5mi^E 1 s a . m 
4 1^ . m'M X m ^ t^■/c m.m-/y^ /i- ^ @ -i^ -as 7 ^ ^ co w-fau 0 2 4 

-efc 19 . A;^#]±^5l;tl 1 8 a bm:^ftiJ±^^5l:fr5 1 8 b {^ffi^i-SJ?|5 
^^<^r•^■fet$tLTV^5„ ^</Ui^;li^-S£:7^/i.^co^{jfljlH]2^2 4 121 5 

i 

15 frs-^Atsmi-^imik 1 8 a ■/)^^mtim±.n'm.m i s b idMsit^^T^iisg 

iCt@^L-tV^5„ Jita^^^-'-^^-^-M-tiL e , We, Lg, La, Wa 

^^k.fzm^i'x. z.(Dy</^^m'^'i!^y^ (Dmmmi^ 2 4 (Dm^^m.^ 

, C.o^ -f>i?'^^Ls>, tSirCRsiii. ^MJ±S*^1 20^1 

20 tttl 1 9 a , 1 9 b-^. aKV-t'V K 2 0 a , 2 0b^^(7) 

x>>yK2 0a, 2 0 b (D^S^a^, iHE^IStBLmffil 9 a, 19b 

. ±M5®iii 8 a, 18 ht^^±.^mnMmi Tj^^^jcw-rsifm^fit 
25 , ±HS?l# w tm® 1 9 a, 1 9 bo^fit^yr^ ^>';^Be:5>^<-t«L 



17 

E^ltlii t'i;® 19a, 19b (7)^#ti U T ^ i?' >';^/JJc53-^{-tag LT^ 

io-r^ iisteijiRs I ±^mffii8a, 1 8 b^-^±ia§i^ [ij tm^s 

19a, 19b &t>'±te^">^"^ ^ K 2 0 a , 20b 02^.|^1g;fet 

{lililalUg 2 4 jCOl^Ttt. ^iic "mi^iift^^^Bife^-ISs '76/11. Vol. J59 
-A, No. 11, pp. 985-992, 1976" (KlTs :^^6t'Bi-) . " 
Igl^mm^f^^iilCtt^. '79/1, Vol. J62-A, No. 1, pp. 8-15, 1979" 

mr. xm? t si-r) . xm "m^T-mm^^s^xM}. 'so/e, voi. jg 

3-A. No. 6, pp. 327-334, 1980" {l^XT . XikSttdi-) 

mm.'1k f 0 2 . 5 2 G H z CO«-a-. 1 ,-^.1^111 «*Sil-^fC f 0 2 . 

5 4GHz (Dm-^s j^Mn^mm'(&w f „ 2 . 5 6 g h z (Dm^. m 

^tt*iiJSliK^ f 0 2 . 5 8 G H z co*l^(;)iii§il#t4-cfc5o 

. ±w.j±mm^i 1 (D^j^t^i 7 0 0 k g/m-'' . tb^m^/i^ 200. 

mMi r 3 ^^fcSii:^iJ**g(7;Q;*5 5 0 0.=! i^^'^ ^^fcS 
itfe?ij*iicoQ/55 5 0 0 . m^itmm^ (Le/h) i 0 . ^I&jbmiii 

PH^gggl (Lg/h) ;iSO. 6. mi&'fbmill'S (We/h) ^^^1 11. m 
^hr^^O. 9fxm. Cs^^SQ. 8pF. Cga^^O. 2pF, C , o 
0. 0 2 p Ls ,/J>S8 n H. R ^ , 6 QTfc^o 

c^^W^/i"^ 3dB/i oo/zm. »jbiirrjSl« ( f / f 0 ) 

0 . 7 3 4, 5^^mmicO«.^4^^1^to 1 4. 9 7 5 4 . M^® 
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m^i&cf)Bmm^-A^^ 3dB/iooMm. m.^itmmm'{BiW ( f / f 

„ ) o . 8 0 2. 'Mm^(Dmm^l^i^) 6 -it. 5 8 5 4 

±rd<7:>mmn. j^mm^i^i (pbT i 03) sr/fl 

5 i/\ TMirl® 1 5 1 8 a , i8bic:e^(Pt) ^fflv^•/-c:^ 

f „ = V s / ( 2 h ) 

10 HP b. \ ]L.o^ljWMnm \ 1 (D^^fii)m--(: . ±Ei-?^^^^ 

. 5 G H z /J^ lb 2 . 5 8GHz \cmY. L /cm^. ±gEj£m?» 1 7 OOlf- 
15 ^htt. ±te*|gjigjS^ f „ = 2. 5 GH z }C*)-J^?i-S)¥V^^CoW^h 

, (c:/^ L. ±ta^^i!ljS]'K^ f 0 = 2. 5 8GHz ci^?!)^;'}- 5 ^:*rcoff 

2. 5/2. 5 8 = 0. 9 6 9ig--e&5„ 

^iS(^?i^ffi2. 

o 
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m'^. lltt-^^i/N, 1 2 ait^::^^^^^%(Dmmj3Emm^. 12b 

m!±m,m^. 12c tt:?^y ai^-T-— aiyyy y h 1 3 (csja:/j:;^ii&](73 

. 1 2 b, 12 c t-^. AtliM-t^Wl 8 

(c. |14(7?^|iiE(H]S§^ffl^,^TV^5„ Ci^iTtt. jtm^iiRil « (Lg 

! 

15 ft ( L e / h ) 1 0 , j^^&jbm^Sil'S (W e / h ) 1 1 1 Tfe ^ . ^ 

S^Pb^SS^I (Lg/h) olaistc^^jp^^sfcs^ ::o^ijPSfi. 'teffli-'S 

25 mstCTjKLfclt^^J-ett. ^tl&{k®*lfHl» (Lg/h) ;0^O. 4 



20 

H & <o m mf±- il M -7- . 1 2 c ii ^ — Hj > 7 7 1^ 1 3 iii 

a ^ ::^y^f!'^U(^)mmf±'mm'¥- 12b, 1 2 c ^-tj-: ±.^pm#. 1 s a 

, 1 8 b (/^ilijiiW e ^IgX-Ti/^Sc 

niott. mmtmrnii^ (we/h) ^'^;tAc^^6oaii!miti-^^ 

-:i'Ci-i.mmfmmm (We/h) ^lll;^-ib66. T^T-^fb 

m 1 0 iz.7r^i.tif\-w-m-x^n. m^itmrnm (we/h) ^m^^^^t 
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}z.^^Ltcm.mtmmmmm (Lg/h) ^'3sx./;i:^^c9;itt:^ii-c-}i. ± 
5 :^mmitmmfh']mm. ( l g / h ) o . o 5 ir r < ^^i^^i^j^i'^it-f -s t 

10 , htfi^U^^lbitffifel (WeVh) .l^^l O'^jb^^-^/cii-^i^. iiillSJc 
J; 5 ii il <7) O # ^ #lt-r 6 ® ^ ^ V ^o 

15 ^ ^ 5 3^ {B ^ b ^ fi: :^clt ;!]n $ -iir /c a ^ i ii i© a lli^ 

■So 

m^p. 1 1 12a ^^^^^^icommf±mmir . i 2 b 
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5 1 8 b $ L e ^'^X.TV^5„ 

1112(1. mmt-mmm (Le/h) ^^;i:^c*l'g^COili^#t*Jtm^ 

^#Lfc„ ^fc. M^^^b^atiife (We^-h) ttl 1 M^&'fbit^ltr.lifgiji 

1 ■ • 

So 

20 m^^s iitt^^^^. 1 2 iia^=^y^^^%con^Bm.m'T-. 12b 

BB-m^^. 12c fl;d-y ^^/y'-t/a i^:?^ 5, h i 3 l,z.mW.^£l3\^(D 

ry^y^{!^m^^}&(Dmm}±nm'f-. i9a, 1 9 btt^itffiLmffi-e&s 

0 

25 Ell 3 {::?=FL/-C^*fe(7)?^^l?(l. '>:3i/M:j3^^0}||^JE®||^ l 2 a 

r^^/Niiffi^oJ^mjEm^^l 2 b <b-T?. ^3l$ffiLS#-l 9 a, 19 
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r>^^Nj>{^^50tWKm*^ 1 2 c ^T. ?| t ttj Umill 9 a , 19 
b COijigWa ^^XLTlN^o 

lai 4(C. I§] 4 L/c^ ^ L s , ^'^;^fc:^#•^/^iffiiii}^f±g-^ 

r r Tfl. hE-r L s 1 ^4 n H;i^b 1 2 n H^-V^it^^ 

10 (Le/h) ttlO. MI-^^trnMRflMI (Lg/h) no. (oT-fcl^s 

HI 1 4 c:^ L/cst^:f^ij-ctt; ii^^ ^ l s ^ /i^ 4 n h;^^^ 1 a 

n Hil;!^^ < iiiils!cCDfJ£lil-/Smty (X3) mit^t'mt 

-fr-r. ±gSiiil«cQ,i;/^|^MiJ (Y3) /i5j5l^g|^co^wi^/^.*-i>l'^ib Lrv^ 
15 5o ±HS^ ^ Ls .(/M ^^'^^^ ^ < . 

r <^ ^/3^ LTV^a. Jnte^ V^-^ L s , 1 2 n Hi:i?'^5 

ID 1 3 {c:7i^Lfc«(73ff0||-Ctt. ?l^fct5L®ft 1 9 a , 19bWft^ 
La <iriiiSWa ^^iL^^H'^;t5®-^^7KL/c;i^\ ft $ L a fdlt *'^;^T 
t>J:VNo ^tc. ?|#iULm®19a, 1 9 b (7^^iWa -/-ctt^^X-Ttj J; 
25 V\ ^ /c, ^1 % m Umil 1 9 a , 1 9 b (7^:S$ L a iiligWa <^fffl«^{vl'^ 
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m'=P. 1 Utry:^^^^ 1 2 a tt^rcy^q3^^(7:)i?MI±m^-?. 12b 

H'&(^mmBimmT-. i 2 c «:3^y ::c>'^-v^3 :yy=p ^ k 1 3 t^m-ri: 

4^:^f^<7:)iilE^m/N 1 1 i}fi}^f|5{i-ia(75?^?||^i±^^^, i 9 a, i 9 b tt^jl 

L?H?g. 2 0 a, 2 0b \fi\^ly^ ^ > V'^^y KT'fcS^ 

10 t . 'y^^^'fsk%i(Dwm\±.n.m- 12b, 1 2 c t -31 ai t-ii^is 1 9 

a , 1 9 b Wi^ ^ L a ijigW a & 7]^" >7 K 2 0 a , 2 0b 

I 

15 W-^m^^Fi-o 

/^ :y K 2 0 a , 2 0b cOffill^, ±ta/1^'>7= i^"^^" 5/ K 2 0 a , 20 

20 ,1 9 b(7^:g^ L a^*iWa i9'«i-S, 

ib^W (We/h) tt7 7. 8. W^WlMsU^ (Le/h) ttlO, 



r 



wo 98/48464 PCT/JP97/01442 

25 

m^", 1 1 1 2 a r^a^/Ncjn^^tT^j^U^li'^^^^ 12b 

f^-ific/^^i^fmiEm^iF. 1 2 c tt:ty 3 ^y-^ V 1 3 {-S-ff 

10 1 1 iffl §15 1^^(73??; iKiffl;^^ . 19 a, 19 btt^l 

HI 1 7 (Ctt^ LfcSJ?jljfi!(7:)fl^liT{t. ^':i^/N'^'*:^(5(7^f^miEEm^-T- 1 2 a 
i: ^ ^ ^^^^^^%\(DmWI±.•mM=i- 12b, 1 2 c t T:\ eJI t ttl L'€^jS 1 9 
a, 1 9 bCOS$ L a ^it>aWa ^^;tTl/>5„ rtltt. [ll4{C^L/c.=i 

15 >'7=>i^Cs2^'^x:5:: <b{:i11^-r^„ 

HI I 8 H 4 \z.7r. V,t:L:=i ^7=V+i- c ^ , ^'^;tfc^i^c/^®i§#ttti■ 
20 1 9 a , 1 9 b C7);g ^ L a ^ifigW a . ±^^11 18a, 18b CO?r$#t^ 
7 7.8. MI&'fb«^iS ( L e / h ) 1 0 . ^^^h^l^PsW^ ( L g 

25 HI 1 8 {e:^ L/ctt^:i5''JT(*, =i ^^r^V-f-c ^ sCOi^H^li/Js o . 2p 
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•it M T , fi£ ffl i- ;5 I - ^1 ^ ^/ ^- > , .4- 
> i-'-- y K 2 0 a , 2 0b »ai®^±SE*V^V > K 2 0 a 

iasamsa, 18b<..ft$L.^(gWe, ilEiasaSl 8a. : 
■ -t»a«>^V>^--.>K2 0a, 2 0b<^iBa^iffi^v^v>r.. 

*S®»Sg8 . 

H19. H2 0»OT2 1«, i««W«Sft„,j«s..«5mE 



) 
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20., 20M*±as«l«a , 

i.a±.6affli8a. isbTOE,,, 

„^^„ , - I--2 0 a, 2 0bOHif 

ffl^-t3E*>eF> v^V,.,^ K2 0 a 9 n K , •^^ 

""*^^«*»^*^-* ^ i , ^ ^ ^^^^^^ 

^^^^^ 

tr., ^u.^Lf,mmo,rm^^,,^^^ ^^^^^^ 

«I ■lis, ffiig:(4*!J:< , _tB»|»Fp«_, , ^ 
«««I4,.««^^S„,„,^.^^^.„^^^^.^^^ ^.^^^ ^^^^ 
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s ) ^m^^mm i 4 (ctt-<. j: ^ ^mco htmmmmm^ i 2 <iro < 6 

HI 2 0 rt. 111 1 9 id/p: L/cf'^K:;£Tt||-7- 12a, 12b, 1 2 c Ote 
10 ^ll-t:-;fo'9. [12 Ut. H 2 0 COB - BgR(7)|tfffillTfcSo 1112, [31 3 
IdTi^ L/c;^i y ^i>«?3t^ (G a A s ) i|^J^.f$:S^^. 1 4 V^/imIEm^5 
T- 1 2 ir . 121 2 0 , 2 1 Ltz^yv ( s i ) ^^^^S^S 2 5^ 

-&m:/)^h -^J:^Wi^. II 4 ir.i^L/c^^;u^y|g^iS:7^ /^^co^#[sl2^2 4 

-y-Cs,, Cs2, C i 0 . >':5^'^ ^ L, IStetRs ,c'^#iFiit'7)2i;6'^iiSj 
#(7)jiiiim4(Z)Mi: So Ia^ot, i^y^iv (s i) ^#f*SIS2 5<Sr 

m^(D'7^^^m-r^m^n. ^'v^^utm (geas) ^^mi^MRl 

1 2 (7)±tS±lfPl;^ 18a, 18b (D-^ $ L e -^-^liiiW e . ±te±§|5 
m®18a, 1 8 bF^m^L g. ±ta§ltliJLli:1ill 9 a, 19b(7)ft 
^ L a ^itigW a . ±lE'i^V^V > ^Vn <;/ K 2 0 a , 2 0b OOffilS^O'^ 
< 1: M ?'c^ o CO t 6 „ 

25 mmo^mm 9 . 

I?«12 2, HI 2 3 S:t>'!ll 2 4 tt. - (7)^iP/lC0^*feO?l^S 9 (i#.S-MiI 
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. 1 2 a ~ 1 2 c itmmmmm^. 1 3 1 1 a^mmm^ff^'^-rt 

^):^>T-~U3yy^^yV. I Ani3-^J ryj^Wcm (Ga As) ^mi^m 
1 7«PZT (P bT i O3 -Pb Z r O3 ) ^ffiV>/ci±mM. 
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